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In  a previous  communication  we  have  reported  a new  value  for  the  normal 


1«  J,  G,  Aston  and  G«  W,  Moessen,  J,  Chom,  Phys,  948  (1953) 


boiling  point  of  oxygen  on  the  thermodynamic  scale  for  0°C  =<  273.l6°K,  The  value 

2 fi.  lb 

of  90.154*^  - 0,005°K«  is  0.04*^«  lower  than  the  Reichsanstalt  value8^  * * 

2a.  W.  Heuse  and  J.  Otto,  Ann  Physik  % 486,  (1931) 

2b.  W,  Hexise  and  J,  Otto,  Ann  Physik  185,  (1932) 

The  general  method  and  accuracy  of  our  gas  thermometry  between  10°K,  and  90°K,  was 

1 

also  briefly  mentioned  at  the  same  time.  It  will  be  a few  months  before  full 
details  and  values  will  be  available  for  our  temperature  scale  below  90°K,  at  ice 
point  pressures  of  1,0  m. , 1,8  m.,  and  2,7  m.  However,  well  spaced  points  between 
10®E,  and  50*^,  with  a demonstration  of  the  adeqvjacy  of  the  virial  coefficients  by 
a comparison  of  the  result  at  20*^,  at  the  three  ice  point  pressures  have  been 
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pletaly  calculated.  Since  one  of  the  platinum  thermometers  compared  with  our  gas 
thermometer  was  a N,B,S.  secondary  standard,  a comparison  of  our  now  Scale  with  that 
of  the  National  Bureau  of  Standards  Is  possible.  As  far  as  we  are  B.\iare  this  Is  the 
first  time  agreement  has  been  established  between  two  Independent  Scales  below  90°K. 
within  the  claimed  accviracy.  The  extraordinary  agreement  together  with  the  fact  that 
we  can  now  report  a new  value  for  the  normal  boiling  point  of  normal  hydrogen  which 
also  allows  couparlson  with  the  lielden  Scale  prompts  us  to  make  available  our  results 
to  date. 

Table  1 reports  the  difference  between  our  Scale  and  that  of  the  N,B,&, 

3.  H,  J,  HoRe  and  Ferdinand  G.  Brlclrwedde,  J.  Research  Halt.  Bur,  Standards,  22, 

351  (1939) 

The  approximate  temperature  Is  given  In  column  1 and  the  approximate  Ice  point  pres- 
sure Is  given  In  column  2,  The  difference  between  our  value  and  the  value  actually 
reported  by  the  N.B.S.  for  a Scale  which  was  believed  to  correspond  to  an  Ice  point 
teaperatxire  of  273»1-*^.  Is  given  In  column  3.  However,  they  actually  used  the 
oxygen  normal  boiling  point  as  their  reference  point  and  assigned  to  It  the  value  of 
90,19°K,  If  we  accept  our  new  value  of  90,154-°K.  Tor  the  normal  boiling  point  of 
oxygen,  the  N.B.S,  Scale  actually  corresponds  to  an  Ice  point  temperatiare  of  273*27^, 

In  column  4 the  difference  between  our  value  and  the  value  on  the  N.B.S,  Scale  cor- 
rected to  our  normal  boiling  point  of  oxygen  Is  glveij.  Inasmuch  as  Hoge  and  Brlckwedde 
had  a sensitivity  of  about  0,015°  In  reading  their  pressures,  an  accuracy  of  0.02° 
was  claimed  although  the  average  accuracy  should  be  better.  The  agreement  is  excellent. 

Table  II  tabulates  our  values  for  the  normal  boiling  point  of  normal  hydrogen 
obtained  by  Introduction  of  liquid  normal  hydrogen  directly  into  the  gas  thermometer 
apparatus  approximately  one  year  after  the  helium  gas  thermometry  meastiremants. 

Platinum  thermometers  Pt-GS  and  Pt-G12  were  never  removed  from  the  original  assembly. 


The  resiilts  were  corrected  for  ortho-para  conversion  using  the  data  of  Keesom, 

4 

and  Van  der  Horst  for  liquid  normal  hydrogen  in  glass* 

4.  Keesom,  Bijl  and  Miss  Van  der  Horst,  Leiden  Coimmin,  no.  217a  (1931) 

The  data  vere  derived  from  the  measiirements  cf  equilibrium  ten^seratures  with  Pt-G8 
ar.d  Pt-G12  at  the  pressures  noted  in  column  1*  Correction  to  760  nmi*  was  made  using 
eq'uation  1, 

0 = -252.754  + 0.00441  (p"760)  - 5.0  x lo"^  (p-760)^  (l) 
in  this  eqtsatloiip  6 is  in  degrees  centigrade  thermodynEtmlc  scale.  Column  1 
gives  the  equilibrium  pressure,  while  columns  2 and  3 give  the  normal  boiling  points 
confuted  from  the  resistance  of  Pt-G8  and  Pt-G12  respectively  and  corrected  to  760  mm 
using  equation  1.  The  average  for  each  of  the  thermometers  is  conqiared  with  a value 
given  below  which  was  obtained  by  interpolating  the  observed  equilibrium  tempera tixres 
on  each  thermometer  to  760  mm  press’ore. 

Table  III  summarizes  values  for  the  normal  boiling  point  of  normal  hydrogen 
corrected  to  an  ice  point  temperature  of  273»16°K.  by  conventional  methods. 

The  average  of  all  values  not  Including  our  own  since  1913  is  20.37S*^.  The 
average  of  all  values  not  including  our  own  since  1931  is  20.379°K.  The  average  of 
our  two  valuflp  obtained  by  linear  inter-polation  (using  the  for-m  log  p vex-sus  1/T)  is 
20.365°  t,  .01°K,  The  lower  accuracy  of  0,01^  is  dictated  by  the  correction  for 
ortho— para  conversion  which  amounted  to  0.012’'o  If  we  exclude  the  N.B.S.  value  be- 
cause of  the  lower  sensitivity  and  average  the  value  of  House  and  Otto,  the  value  of 
Kessom,  Bijl,  and  Miss  Van  der  Horst  and  our  own  value,  the  average  is  20.374°K. 

It  is  of  interest  to  note  that  if  the  N.B.S.  value  for  the  normal  boiling  point  of 
normal  hydrogen  is  placed  on  our  new  Scale  (as  determined  from  interconparison  of  the 
N.B.S.  platinum  thermometer  with  our  gas  thermometry  measurements)  the  agreement  with 
ovir  recent  value  for  this  fixed  point  is  nearly  exact.  This  also  indicates  that  the 


uncertainty  of  + 0,01°  we  assigned  to  o\ir  value  of  20,365°K,  it>  conservative.  Referred 
to  273,16°K,  as  the  thermodynamic  temperature  of  the  ice  pointp  it  is  recommended  thaty 
\intil  our  own  value  of  20,365°K,  be  confirmed,  that  20,37  1 ,01°K,  be  used  as  the 
normal  boiling  point  of  normal  hydrogen  In  view  of  the  high  values  measured  between 
1917  and  1924  both  at  Leiden  and  at  the  Reichsanstalt.  It  would  seem  that  no  value 
as  high  as  20,39°K,  is  admissable. 


Table  I 


Comparison  cf  Penn  State  and  N.B.S,  Thermodynamic 
Temperature  Seales  Below  90 °K. 


March  and  April,  1951 


T 

^ 1 

^ . 

10.5 

2.7 

+0.058,5  t 0.01 

+0.O54g 

15.0 

1.8 

+0.0171 

+0.012Q 

20.3 

1.0 

+0.0254 

+0.017^ 

20.3 

1.8 

+0»026q 

+0. 0x7g 

20.3 

2.7 

+0;0206 

+ 0.012.,; 

25.0 

1.8 

+0;023q 

+0.0129 

33.0 

2,7 

+o;oe76 

+0.0U-J 

40.0 

2,7 

+0,022q 

+0.0059 

49.7 

1.0 

+0.0l7g 

-.0,0022 

Table  II 


TemperftturGa  Correaponcing  to  the  Normal  Boiling  Point  of  Normal 
Hydrogen  on  the  New  Penn  State  Thermodynamic  Scale. 
Deduced  from  Equation  1 j O^C  » 273,16°K, 

March  30,  1952 


Prensvire 

Pt-G8 

Pt-G12  . 

Average 

735.283 

20.366®K 

20.367‘^K 

20.367°K 

748.371 

20.364° 

20.364 

20.364° 

773.979 

20.364° 

20.365^^ 

20.365° 

Average 

20.36 5°K 

20.36 5°K 

20,365°K 

Interpolated 

20.364°K 

20.365°K 

20,365°K 

Table  III 


Various  Values  Reported  for  the  Normal  Boiling 
Point  of  Normal  rfydrogen 


Date 

Investigatoirs 

Ten^)  Reported 

To  Used 

Temp,  °K 

1913 

Onnes  and  Keesom 

ii0.35"K 

273.09° 

corrected  to 
To  = 273.16G°K. 

20.36° 

1914 

(PTR)  Henning  ^ 

-252.79-C 

273.10° 

20.31° 

1917 

7 

Cath  and  Onnes 

20.39*^K 

273.09° 

20.40° 

1922 

Martinez  and  Onnos 

20.352^ 

273.09° 

20.357° 

1924 

9 

Henning  and  Reuse 

-252.789 -c 

273.20^ 

0 

• 

0 

1927 

Henning 

20.43'"1c 

273.20° 

20.43° 

1931 

Heuse  and  Otto  ^ 

-252.780^ 

273.16° 

20.380° 

1931 

4 

Aeesom,  Bijl  and 
Van  der  Horst 

-252.754^0 

273.13 

20.376° 

1939 

Hoge  and  Brickwodde  ^ 

20.59°K 

273.16 

• 

20,38° 

1952 

This  Research 

20.36  5°K 

Z73,16 

20.365° 

5.  H. 

K.  Onnes  and  W.  H.  Keesomt 

Leiden  Commun.  no.. 

137d  (1913) 

and  later  recomputed 

by  P,  G.  Cath  and  H,  K,  Onnes*  Leiden  Comnnin,  no.  152a  (1917) 

6.  Physickalisch-technische  Reichsanctalts  '^,s.  fur  Instrumentenk.,  174  (1915) 

7.  P,  G,  Cath  and  H,  K,  Onnes?  Leiden  Comraun,  no.  152a  (1917) 

8.  J.  P,  Martinez  and  H.  K,  Onnes?  Leiden  Comraun  no.  156b  (1922) 

9.  F.  HenrJLng  and  W,  Reuse  Zs.  fur  Physik,  105  (1924) 

10.  F,  Henning?  Z&,  fur  Physick,  775  (192';) 

* Corrected  to  oxygen  point  of  90.154*^K.  as  exp.?^ined  in  text. 
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